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1 . 0  SUMMARY 
1.1 PURPOSE: S t u d y  the f e a s i b i l i t y  o f  u t i l i z i n g  an i n d i g e n o u s  
a1 g a l  -bac ter i  a1 f 1 o r a  a n d / o r  i n t r o d u c e d  Chara  a s  
p a s s i v e  p o l i s h i n g  a g e n t s  f o r  removing  c y a n i d e s  
f rom Arvida  w a s t e  l i q u o r s .  
1 . 2  SCOPE: 
1 . 2 . 1  Conduct  prel imi nary e x p e r i m e n t s  t o  ( 1  ) determi ne 
the a b i l i t y  of  Chara  t o  survive i n  Arv ida  waste 
l i q u o r s  and ( 2 )  t e s t  the  p o t e n t i a l  of  Chara t o  
a d s o r b  cyanides f rom waste l i q u o r s .  
1 . 2 . 2  C o l l e c t  and  i d e n t i f y  a q u a t i c  a l g a l  b i o t a  i n d i g e n -  
o u s  t o  the Arv ida  waste streams a n d  grow the  major  
i n d i g e n o u s  t a x a  i n  the 1 a b o r a t o r y .  
1 . 2 . 3  Conduc t  p re l imfnary  a n d  simple e x p e r i m e n t s  t o  
determine whether t h e  b i o t a  f rom Arvida  can p l a y  
a r o l e  i n  cyanide  removal  f rom waste streams. 
1 .3  C O N C L U S I O N S :  
1 .3 .1  Chara a l o b u l a r i s ,  t h e  o n l y  s p e c i e s  a v a i l a b l e  
t o  be tested,  survived i n  A r v i d a  B a n d  C stream 
effluents and some g rowth  was r e c o r d e d .  Dead 
Chara showed a p o t e n t i a l  a s  a f e r r o c y a n i d e  
b i o a d s o r b a n t .  Given the sod ium- laden  waste 
1 i q u o r s ,  s a l  i ne Chara s p e c i e s  would a p p e a r  
more s u i t a b l e  f o r  use i n  these w a s t e  streams. 
1 . 3 . 2  T h e  major  a q u a t i c  a l g a l  t a x a  i d e n t i f i e d  i n  s e e p -  
ages f rom the red mud pond and  i n  w a s t e  stream C 
a n d  B were blue-green a l g a e ,  Phormidium and 
Osci 1 1  a t o r i a .  These a1 ga l  -bac ter i  a1 a s s e m b l a g e s  
were i s o l a t e d  f rom a l l  s i t e s  i n v e s t i g a t e d .  
Presently 19 cul tures  are  mainta ined a n d  c a n  be 
grown i n  the  l a b o r a t o r y .  
1 .3 .3  P r e l i m i n a r y  and s i m p l e  e x p e r i m e n t s  w i t h  cu l tured  
Phormi durn-Osci 11 a t o r i  a- bac te r i  a assembl ages d i  d 
n o t  c o n c l u s i v e l y  d e m o n s t r a t e  CN' d e g r a d a t i o n .  
T h e  l i t e r a t u r e  i n d i c a t e s  t h a t  cyanide  d e g r a d a t i o n  
by "Phormid i  urn-Osci 11 a t o r i  a-  b a c t e r i a  assernbl- 
ages"  may be  expected. No evidence was p r o v i d e d  
on the presence of  s i g n i f i c a n t  c o n c e n t r a t i o n s  o f  
n i t r a t e  .or  ammonia i n  waste l i q u o r s  e f f luen ts .  
A n  a p p r o p r i a t e  l a b o r a t o r y  p r o c e d u r e  has t o  
'mimic' the i n - s i t u  f i e l d  c o n d i t i o n s  r e l a t i v e  
t o  CN' a s  the s o l e  n i t r o g e n  s o u r c e .  
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Therefore, g i v e n  t h e  understanding gained during 
the f e a s i b i l i t y  s t u d y ,  the "passive p o l i s h i n g "  
potenti a1 o f  the i n d i  genous Phormi d i  um- 
Oscil la tor ia-bacter ia  populations i s  
inferred from the i r  presence in an  aquatic 
h a b i t a t  where cyanides may be the major nitrogen 
source for th i s  extensive growth. 
1 . 4  RECOMMENDATIONS: 
1 . 4 . 1  "The Chara process" 
A thorough assessment o f  t h e  potential o f  several 
Chara species t o  grow a t  d i f fe ren t  locations,  
ef f luent  streams a n d  p o n d s  i s  recommended. 
Laboratory studies t o  determine the Fe(CN)e4- 
adsorption a b i l i t y  o f  dead Chara s,lil~. are 
indicated, i n  view of  spec i f ic  applications for  
the p o t 1  i ni ng leachate problem and emergency 
treatment measures. 
1 . 4 . 2  Indigenous a1 gae 
O f  primary importance are def in i t ive  laboratory 
experiments, which w i  1 1  demonstrate concl usi vel y 
the degradation o f  cyanide by the indigenous 
"Phormi d i  um-Osci 1 1  a tor i  a-bacteria assembl ages". 
I t  i s  recommended t h a t  these studies are accom- 
panied by laboratory growth studies w i t h  
"Phormidium-Osci 1 l a tor ia- bac te r ia  assembl ages" 
t o  determine the i r  a b i l i t y  t o  u t i l i z e  cyanide 
nitrogen for growth. 
Field studies s h o u l d  be carr ied o u t  a t  regular 
i nterval s during the growing season t o  determi ne 
the population dynamics of  the algae i n  the waste 
streams. 
1 . 4 . 3  Cyanide analysis a n d  waste 1 iquor charac te r i s t ics  
I t  i s  recommended t h a t  any future work i s  conduct- 
ed based o n  a sol id  knowledge of  the waste 
charac te r i s t ics  and  n o t  by the "black box"  
approach. Data are required par t icular ly  on  
pH variat ions,  concentrations of  cyanide 
( C N ' ) ,  t.hiocyanate a n d  metal cyanide 
complexes (especi a1 1 y ferrohexacyani de) i n the 
l iquors,  ponds and  waste streams, those locations 
for which treatments are t o  be devel oped. 
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2.0 INTRODUCTION 
T h e  cyanide present i n  industrial waste liquors has many 
chemical forms depending o n  t h e  industrial process and factors 
such as pH, metallic and non-metallic content of t h e  liquors. 
T o  reduce t h e  cyanide content, many chemical methods have 
been developed t o  achieve cyanide removal andlor destruction, 
i ncl udi ng a1 kal i ne chl ori nati on, ozonati on, hydrogen peroxide 
oxi dat i on , el ectrol yti c regenerat i on and destruction, conversion 
t o  "less toxic" forms, e.g., C N S  and Fe(CN)6, and finally direct 
acidification-volatilization-reneutralization. 
Physical -chemi cal techniques involve ion exchange, 
activated carbon adsorption and ion flotation. There is also a 
category of procedures which Ingles and Scott (1978) refer t o  as 
natural degradation or lagooning which includes t h e  processes o f  
volatilization, oxidation and biodegradation. Gradual loss of 
cyanide i n  waste holding ponds is brought about through t h e  
physical-chemical forces o f  photodecomposition by sun1 ight, 
acidification by atmospheric C02, oxidation by atmospheric 02, 
and adsorption on solids. Furthermore, bacteria have been 
indicated as effective degradation agents. 
Effluent holding ponds a r e  frequently t h e  habitat o f  a 
variety of micro-organisms and there is increasing evidence that 
significant microbial degradation of cyanide and C N S  may b e  
occurring i n  these ponds. Bacteria isolated from gold tailings 
reportedly oxidize CN' at pH 1 0  with cyanide as t h e  nitrogen ( N )  
source for bacterial growth. C N S  was preferentially utilized 
over CN' (Scharer et a l l  1984). CN' is t h e  N s o u r c e  for 
Pseudomonas fluorescens which oxidizes CN' t o  NH3 (Harris 81 
Know1 es, 1983). Excel 1 ent reviews of cyani d e  metabol i s m  i n 
micro-organisms have been published (Knowles, 1976; Castric, 
1981). 
I n  a gold mine tailings pond (Dome Mines) t h e  increase i n  
bacterial counts during t h e  summer was correlated with a 
dramatic decline i n  t h e  CNS concentration, but evidence for 
degradation of CN' was inconclusive (Schmidt et a l l  1981). T h e  
benef i ci a1 role of cyani de-metabol i zi ng bacteri a was recogni zed 
by t h e  Homestake Mining Company and they h a v e  a n  operational 
biodegradation component i n  their effluent processing system 
(Mudder & Whitlock, 1984). 
Mudder and Whi tlock (1984) state that "biological treatment 
was examined and evaluated o n  a pilot scale, yielding a s i m p l e  
cost-effective process, t h e  performance of which equalled or 
exceeded that of all other processes evaluated, while producing 
an environmentally compatable effluent1'. 
T h e  key i n  t h e  Homestake treatment --  and t h e  major tenet 
in t h e  Boojum concept of "passive polishing1' --  is utilization 
of biota which a r e  already thriving in t h e  unique habitats o f  
t h e  w a s t e  streams. T h o s e  may adsorb, metabolize or otherwise 
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remove u n d e s i r a b l e  s o l u t e s  f rom the waste l i q u o r s ,  hence p o l i s h  
the waste water p a s s i v e l y ,  by their  mere p r e s e n c e .  Passive 
p o l i s h i n g  by a c t i v e l y  p r o m o t i n g  a n  i n d i g e n o u s  f l o r a  a p p e a r s  t o  
be p a r t i c u l a r l y  sui ted f o r  s i t u a t i o n s  where effluent  treatment 
i s  c o m p l i c a t e d  by l a r g e  v a r i a t i o n s  i n  f l o w s  and p H ' s .  T h e  
i n d i  g e n o u s  f l o r a ,  i f  present, has d e v e l o p e d  u n d e r  t h o s e  
c o n d i t i o n s  and i s  l i k e l y  t o l e r a n t  t o  such v a r i a t i o n s .  To 
p r o d u c e  a c o n s i s t e n t  e f f luen t  q u a l i t y ,  extreme c o n d i t i o n s  i n  t h e  
ef f luent  s t r e a m  are backed up  by b i o a d s o r b e n t  b a r r i e r s  w h i c h  can 
be  u t i l i z e d  when required. 
The b i o a d s o r b e n t  p o t e n t i a l  o f  b o t h  l i v i n g  and  d e a d  Chara, 
a g r e e n  a l g a ,  was recently described a n d  d e f i n e d  i n  c a v e a t  # 
32695 o f  B o o j u m  R e s e a r c h  L t d .  ( A p p e n d i x  A ) .  C h a r a  has been 
s u g g e s t e d  as  b i o a d s o r b e n t  f o r  r a d i o n u c l i d e s  i n  u r a n i u m  t a i l i n g s  
e f f luen ts .  Given the a b i l i t y  o f  Chara t o  b i n d  c a t i o n s ,  o n e  
would n o t  be t o o  s u r p r i s e d  i f  CN' or m e t a l o - c y a n i d e  c o m p l e x e s  
w i t h  n e g a t i v e  valences (-1 t o  - 4 )  d i d  n o t  a d s o r b  t o  Chara. 
However,  Chara species are  known t o  a b s o r b  p r e f e r e n t i a l l y  Fe 
( B l a k e  & D u b o i s ,  1 9 8 2 ) .  T h i s  c h a r a c t e r i s t i c  i n d i c a t e d  some 
p o t e n t i a l  use a s  a b i o a d s o r b e n t  f o r  metal- cyanide c o m p l e x e s .  
B1  ue-green a1 g a e ,  a1 s o  c a l  l e d  c y a n o b a c t e r i a ,  b e c a u s e  i n  a 
s t r i c t  b o t a n i c a l  sense t h e y  a r e  more c l o s e l y  ' I re la ted" t o  
b a c t e r i a  t h a n  t o  a l g a e ,  were l i k e l y  c a n d i d a t e s  t o  grow i n  
s e e p a g e s  f rom the red mud lakes  a n d  i n  waste s t r e a m s  a t  Arv ida  
f rom the Vaudrev i l l e  Works. Typ ica l  b l u e - g r e e n  a l g a e  are 
encased i n  a m u c i l a g i n o u s  s h e a t h  w h i c h  h a r b o u r s  a b a c t e r i a l  
f l o r a  (Carr & W h i t t o n ,  1 9 8 2 ) .  
In o r d e r  f o r  a l g a e  and  b a c t e r i a  -- any o r g a n i s m  -- t o  grow,  
t h e y  must be p r o v i d e d  w i t h  a n i t r o g e n  s o u r c e .  B l u e- g r e e n  a l g a e  
g r o u p s  are o f t e n  p h y s i o l o g i c a l l y  i n c a p a b l e  o f  u t i l i z i n g  
atmospheric N2. N O 3 -  i s  a p p a r e n t l y  very low o r  ab sen t  i n  t h e  
w a s t e  l i q u o r s .  A n i t r o g e n  s o u r c e  d o e s  ex i s t  however ,  i n  t h e  
form o f  c y a n i d e .  U t i l i z a t i o n  f o r  b a c t e r i a l  g r o w t h  h a s  been 
discussed e a r l i e r .  E x p e r i m e n t s  w i t h  the b l u e - g r e e n  a l g a ,  N o s t o c  
muscorum, showed t h a t  cyanide  and even low c o n c e n t r a t i o n s  of  
a z i d e  ( N = N )  c o u l d  serve as  N s o u r c e s  f o r  g r o w t h  (Ra i ,  1978).  
Methylamine, w i t h  a chemical b a c k b o n e  s imi la r  t o  H C N ,  i . e .  
H 3 C N H 3 ,  was an o r g a n i c  N s o u r c e  f o r  the b l u e - g r e e n ,  Anabaena 
d o l i o l u m  (Rao  & S i n g h ,  1983) .  I t  i s  t h e r e f o r e  r e a s o n a b l e  t o  
h y p o t h e s i z e  t h a t  i f  " b l  u e- g r e e n  a1 g a - b a c t e r i a  a s s e m b l a g e "  a r e  
p r e s e n t  i n  the waste streams, c y a n i d e  c o u l d  serve f o r  these 
a l g a e  a l s o  a s  a n i t r o g e n  s o u r c e .  
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3 . 0  MATERIALS & METHODS 
3.1 ' T h e  C h a r a  p r o c e s s '  
3 .1 .1  P r e l  i mi nary q r o w t h  experiments 
Chara g l o b u l a r i s  was c o l l e c t e d  f r o m  Gue lph  Pond,  near 
Guel ph ,  O n t a r i o ,  and  m a i n t a i n e d  i n  t h e  1 a b o r a t o r y  i n  1 a r g e  
a q u a r i a  c o n t a i n i n g  G u e l p h  Pond water. The l i g h t  i n t ens i t y  was 
ca. 1 0 0  uE.rn2.s-1 and  t h e  p h o t o p e r i o d  was 1 2  h L :  1 2  h 0. 
M a t e r i a l  f o r  the C h a r a  g r o w t h  e x p e r i m e n t  i n  A r v i d a  waste 
e f f l u e n t s  and  c y a n i d e  a d s o r p t i o n  e x p e r i m e n t s  u t i l i z e d  the 
l a b o r a t o r y  s t o c k  c u l t u r e  o f  Chara. 
Ten, 3- 4 crn l o n g  a p i c a l  s e c t i o n s  o f  Chara  p l a n t s  ( 4  w h o r l s  
o f  l a t e r i a l  b r a n c h e s  p e r  s e c t i o n )  (see  F i g .  1) were p l a c e d  i n  
1 l i t r e  j a r s  c o n t a i n i n g  water s a m p l e s  ( A 1  - A5) f rom A r v i d a  a s  
w e l l  a s  two Gue lph  Pond water s a m p l e s  ( c o n t r o l s ) .  Append ix  B 
g i v e s  a more c o m p l e t e  c h a r a c t e r i z a t i o n  o f  a l l  A r v i d a  s a m p l e s ,  
e . g . ,  pH, c o n d u c t i v i t y ,  e t c . ,  a s  o f  t h e i r  a r r i v a l  a t  t h e  
l a b o r a t o r y  o f  Boojum Research L t d .  
T h e  h e a l t h  and  g r o w t h  o f  C h a r a  was m o n i t o r e d  a t  t h e  
f o l l o w i n g  i n t e r v a l s :  18, 4 2 ,  and  1 1 4  h i  t h e n  5 ,  6 ,  7, 8 a n d  1 0  
d a y s  (see  F i g u r e  1 ) .  
3 . 1 . 2  P r e l i m i n a r y  a d s o r p t i o n  experiments. 
3 . 1 . 2 . 1  C y a n i d e s  i n  p o t  l i n i n g  l e a c h a t e  
C h a r a  was a i r - d r i e d  f o r  4 d a y s  and  t h e n  t r e a t e d  as  
d e s c r i b e d  below.  Some was o v e n - d r i e d  a t  4O0C f o r  24  h o u r s  t o  
p r o v i d e  t h e  Chara " n a t u r a l "  t y p e .  Some C h a r a  was d e c a l c i f i e d  i n  
0 . 1  N HC1 f o r  1 .5  h o u r s ,  t h e n  d r i e d  a t  4 O o C  f o r  24  h o u r s  t o  
p r o v i d e  t h e  Chara I ' d e c a l c i f i e d 1 '  t y p e .  T h e  " F e C 1 3 - t r e a t e d "  C h a r a  
was p r e p a r e d  by s o a k i n g  the a i r - d r i e d  Chara i n  400  mls  o f  1.1 M 
(FeC13)  f o r  1 . 2 5  h o u r s  t h e n  r i n s i n g  i n  d i s t i l l e d  water i n  a 
n e u t r a l  pH and  d r y i n g  f o r  24  h o u r s  a t  40OC. T h e  " d e c a l c i f i e d  
FeCl3"  t r e a t e d  Chara was p r e p a r e d  by f i r s t  d e c a l  c i  f y i  ng t h e  
Chara, t h e n  t r e a t i n g  w i t h  FeC13 as d e s c r i b e d  p r e v i o u s l y ,  b e f o r e  
d r y i n g  a t  40OC f o r  24  h o u r s .  Two r e p l i c a t e s  ( 3 . 0  g rams  e a c h )  o f  
e a c h  p r e p a r a t i o n  o f  Chara were u s e d .  
Only o n e  A r v i d a  t e s t  s o l u t i o n  was employed :  ' l i q u o r  t l  
( p o t - l i n i n g  l e a c h a t e )  a t  i t s  o r i g i n a l  pH o f  1 1 . 9  (*pH 1 2 ) .  A 
250 ml volume o f  l i q u o r  # l  was a d j u s t e d  t o  pH 9. The f i n a l  pH 
a f t e r  t h e  a d d i t i o n  o f  1 0  mls  o f  1 . 0  N HC1 t o  250 mls o f  l i q u o r  
t l  was 8 . 9  (#pH 9 ) .  
Five 5 0  ml a l i q u o t s  o f  each l i q u o r  (pH 9 a n d  pH 1 2 ,  
r e s p e c t i v e l y )  were d i s p e n s e d  i n t o  1 0 0  mls p l a s t i c  s n a p - c a p  
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Figure 1. Photographs of Chara g l o b u l a r i s  
p l a n t s  a f t e r  1 0  days of growth i n  t h e  labor-  
a to ry .  Note: s h o r t  l a t e r a l  branches ar ise 
as whorls on the  main a x i s  of t h e  p l a n t .  
(A-B) P l a n t s  growing i n  Guelph Pond water 
( c o n t r o l s ) ;  ( C )  p l a n t s  growing i n  B-stream 
water and (D) C- s t r e a m  water.  
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v i a l s .  One v i a l  o f  e a c h  pH was k e p t  as  a c o n t r o l  by r e c e i v i n g  
no further treatment. One v i a l  o f  each pH was t h e n  t reated by 
a d d i n g  o n e  o f  the C h a r a  t y p e s .  T h e  v i a l s  were c l o s e d  and  p l a c e d  
i n  t r a y  on the l a b  bench  ( t e m p e r a t u r e  o f  2OoC; d a r k n e s s )  f o r  1 
week. 
A t  the e n d  o f  t h e  i n c u b a t i o n  p e r i o d  t h e  v i a l s  c o n t a i n i n g  
the C h a r a  were o p e n e d  and  f i l t e red  t h r o u g h  a ni tex mesh screen 
and  i n t o  a beaker. T h e  Chara was d i s c a r d e d  and  t h e  f i l t e r e d  
s o l u t i o n  was decanted i n t o  the  o r i g i n a l  p l a s t i c  v i a l s  used f o r  
the e x p e r i m e n t .  T h e  c o n t r o l  v i a l s  f o r  each pH were n o t  o p e n e d  
a n d  n o t  f i l t e red .  All  o f  the v i a l s  were wrapped  and  s h i p p e d  t o  
Alcan f o r  cyanide  a n a l y s i s .  
3 . 1 . 2 . 2  U p t a k e  o f  f e r r o - E C - c y a n i d e  i n  s p i k e d  p o t  1 5  n i  ng 
1 e a c h a t e .  
Two ml o f  t h e  p o t - l i n i n g  l eacha te  (pH 1 2  o r  t i t r a t e d  t o  pH 
9 w i t h  0 . 1  N H C 1 )  were p i p e t t e d  i n t o  20  ml g l a s s  s c i n t i l a t i o n  
v i a l s .  T h e  v i a l s  were s p i k e d  w i t h  100 u l  o f  NaqFe(CN)6'4 ( s p .  
a c .  50-70 m C i . n M - l )  a n d  a l l o w e d  t o  e q u i l i b r a t e  f o r  10 m i n .  
b e f o r e  a d d i n g  1 0 0  mg of the 4 k i n d s  o f  Chara m a t e r i a l  described 
above .  100  mg of  Whatman f i l t e r  p a p e r  61 (unt rea ted  o r  
F e C l g - s o a k e d )  served a s  c o n t r o l s .  
Three r e p l i c a t e s  o f  each treatment were p r e p a r e d .  One 
r e p l i c a t e  o f  each o f  the p l a n t  o r  f i l t e r  t r e a t m e n t s  was 
s a c r i f i c e d  a t  time z e r o  t o  g i v e  a n  i n i t i a l  v a l u e ;  t h e  r e m a i n i n g  
2 r e p l i c a t e s  were i n c u b a t e d  f o r  4 h o u r s  i n  c l o s e d  v i a l s .  Two 
r e p l i c a t e s  o f  e a c h  w a s t e  l i q u o r  were l a b e l l e d  a n d  i n c u b a t e d  
w i t h o u t  p l a n t s  o r  f i l t e r s  f o r  4 h o u r s  a s  a b l a n k  treatment. 
A l i q u o t s  o f  50 u l  s o l u t i o n  were removed f rom each treatment 
v i a l  a t  z e r o  time a n d  a f t e r  i n t e rva l s  o f  1, 2 ,  3 and  4 h o u r s  i n  
o r d e r  t o  f o l l o w  the time c o u r s e  f o r  the a d s o r p t i o n  o f  l a b e l l e d  
c y a n i d e  from t h e  s o l u t i o n s .  T h e  50 u l  a l i q u o t s  were a d d e d  t o  
N a l g e n e  bags  ( 3  m 1  vo lume) .  ACS s c i n t i l l a t i o n  c o c k t a i l  ( 3  mls) 
was a d d e d  t o  these s a m p l e s  a n d  the N a l g e n e  b a g s  were sea l ed  a n d  
p l a c e d  i n  20 ml g l a s s  s c i n t i l l a t i o n  v i a l s .  
A t  the e n d  o f  the  4- h o u r  i n c u b a t i o n ,  the p l a n t -  o r  
f i  1 t e r - c o n t a i  n i  ng s a m p l e s  were f i  1 tered t h r o u g h  0 .45  um 
mi 1 1  i p o r e  membrane f i 1 t e rs  and r i  nsed w i t h  dH20. T h e  Mi 1 1  i p o r e  
f i l t e r  p l u s  the p l a n t  o r  f i l t e r  m a t e r i a l  were p l a c e d  i n  a 
Nalgene b a g  a n d  p r o c e s s e d  a s  described f o r  the s o l u t i o n .  Blanks  
o f  the M i l l i p o r e  f i l t e r s  a l o n e  were checked t o  determine 
1 abel 1 e d  cyani d e  a d s o r p t i o n .  Background  1 eve1 s were checked 
u s i n g  the u n l a b e l l e d  l i q u o r s ;  a l l  v a l u e s  were below 60 cpm. T h e  
a c t i v i t y  o f  the a d d e d  l a b e l  ( 1 0 0  u l )  was determined ( t o  be  a b o u t  
1 8 0 , 0 0 0  cpm) .  A l l  s a m p l e s  were s t o r e d  i n  the d a r k  o v e r n i g h t  
b e f o r e  b e i n g  c o u n t e d  on a Beckman LS-230 L i q u i d  S c i n t i l l a t i o n  
C o u n t e r .  Results are r e p o r t e d  a s  c o u n t s  p e r  m i n  (cpm).  
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3 .2  I n d i q e n o u s  a l g a e  a t  A r v i d a .  
3 . 2 . 1  C o l l e c t i o n  a n d  i d e n t i f i c a t i o n  
Append ix  B g i v e s  the l o c a t i o n s  o f  the c o l l e c t i o n s  made on 
the Arvida premises. C o l l e c t i o n s  were made on 10 J u l y ,  19 
O c t o b e r ,  by Alcan p e r s o n n e l  and on  2 6  O c t o b e r  1984, by M .  Ka l in  
w i t h  assistance f rom A l c a n  p e r s o n n e l  a n d  d o m i n a n t  a l g a l  t a x a  
were i d e n t i f i e d  u s i n g  s t a n d a r d  t a x o n o m i c  references and  
methodol  o g i e s .  
3 . 2 . 2  Culture methods  f o r  a l q a e  
Smal l  mixed s a m p l e s  of  a l g a e  were p l a c e d  i n t o  3-4 d i f f e r en t  
l i q u i d  media  ( B o l d ' s  Basal Medium ( B B M ) ,  BBM + s o i l  ex t r ac t ,  Chu  
- 1 0 )  a n d / o r  p l a t e d  o u t  on BBM-agar ( 2 % )  p l a t e s  o r  C h u - 1 0  a g a r  
p l a t e s .  In o t h e r  e x p e r i m e n t s ,  s a m p l e s  o f  the Phormidium-  
O s c i l l a t o r i a  c o m p l e x  (see F i g u r e  2 )  were t e a s e d  o u t  o f  t h e  
h e t e r o g e n e o u s  s a m p l e s  and  cu l tured  s e p a r a t e l y  on the media. T h e  
chemical c o m p o s i t i o n s  o f  the media are  g i v e n  i n  Append ix  C .  
T h e  cultures were grown i n  d i f f u s e  s u n l i g h t  e n t e r i n g  a SE 
window of  the  Boojum Research l a b o r a t o r y ;  some cultures received 
supplemental  i r r a d i a t i o n  f r o m  f l u o r e s c e n t  l amps  ( c a .  1 0 0  
uE .w-2 . s - l ;  1 2  h L ;  1 2  hD p h o t o p e r i o d ) .  T h e  t e m p e r a t u r e  was c a .  
23OC. 
3 . 2 . 3  Growth o f  t h e  "Phormid i  um-Osci 11 a t o r i a  
In t h i s  e x p e r i m e n t  c o n d u c t e d  i n  November 1984 t o  January  
1985, g r o w t h  o f  the Phorrnidium-Osci  1 l a t o r i a ,  i s o l a t e d  f rom the 
10 J u l y ,  1984 c o l l e c t i o n  ( A B - 1 )  was compared i n  4 d i f ferent  
l i q u i d  media i n  an experiment l a s t i n g  48 days .  A "sediment 
e x t r a c t "  was p r e p a r e d  by s t e a m i n g  a sediment-dist i l led w a t e r  
d e c o c t i o n  f o r  5 m i n .  a t  121oC and 15 p s i ,  and  t h e n  f i l t e r i n g  the 
w a t e r .  A l i q u o t s  were a d d e d  as  a nutr ient  s u p p l e m e n t  t o  v a r i o u s  
media  t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  10% sediment ex t rac t .  
T h e  s e d i m e n t- m u d- o r g a n i c  matter f o r  t h i s  p r e p a r a t i o n  came 
f rom the C-stream. The  f o u r  d e f i n e d  cul ture  media tested were: 
B o l d ' s  B a s a l  Medium, Cyanophycean Medium, Allen's Medium, a n d  
Anacystis  Medium a d j u s t e d  t o  pH 8 o r  pH 10 .  Growth c o n d i t i o n s  
( l i g h t  and  t e m p e r a t u r e )  were described above .  Growth was 
determined as  a d r y  w e i g h t  increase i n  a l g a l  b i o m a s s  i n  3 
days;  g r o w t h  was a s s e s s e d  by c o m p a r i s o n  t o  the day  o n e  w e i g h t s .  
3 . 2 . 4  P r e l i m i n a r y  experiment: C N  a s  N s o u r c e  
In t h i s  experiment, c o n d u c t e d  i n  January t o  February 1985, 
used the same i s o l  a t e  o f  Phormi d i  urn-Osci 11 a t o r i a .  601 d ' s  Basal 
Medium ( w i t h o u t  sediment e x t r a c t )  was used a s  the experimental 
medium t o  w h i c h  v a r y i n g  amounts  o f  K C N  ( 0 ,  0 . 5 ,  1 . 0 ,  2 . 5 ,  5 . 0  
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Figure 2. Photographs of a "Phormidium-Oscil- 
latoria-bacteria assemblage" from the Arvida 
B-stream. (A-B) Filaments of Phormidium and 
Oscillatoria (A magnification, x625; B magnifi- 
cation, x140); (C) large-celled filament of 
Oscillatoria among small-celled filaments of 
Phormidium (magnification ~ 1 5 0 0 )  ; (D) fila- 
ments of Phormidium (magnification ~1500). 
10 
m M )  were added i n  the presence or absence of  n i t r a t e  nitrogen 
( 2 . 9  m M ) .  The phosphate concentration o f  the medium was reduced 
by h a l f  t o  a l lev ia te  problems o f  precipitat ion a t  the h i g h  pH. 
E D T A  a n d  FeSOq were omitted t o  a v o i d  problems w i t h  cyanide 
medium was autoclaved for 20 m i n .  
conclusion o f  the experiment, the pH was measured. Other growth 
conditions were as described above. There were 3 replicates per 
treatment a n d  dry weights were determined a t  day  14 a n d  35 a n d  
compared t o  d a y  0 values. 
complexing. The pH was adjusted 
allowed t o  cool before cyanide 
3 .2 .5  Preliminary experiment: H C N  conversion t o  CO2 - 
This experiment (January 1985) ut i l ized algae from the same 
stock which supplied algae for a l l  the ea r l i e r  experiments 
(AB-1). 100  u l  K 1 4 C N  (sp. ac. 2-10 m C i . m M - l )  were added t o  5 
dram glass vials  containing 1 ml BBM ( - N O 3 )  w i t h  1 m M  K C N  a n d  
ei ther:  ( 1 )  2 mg kil led algae (preheated a t  100°C for 5 m i n ) ;  
(2) 2 mg l i v i n g  algae; or ( 3 )  b l a n k  ( n o  algae).  A small piece 
o f  f i  1 t e r  paper soaked i n  phenethyl ami ne was suspended inside 
the vials w i t h  s t r ing  and  a f te r  a d d i t i o n  of  the K 1 4 C N ,  the vials  
were stoppered for  a 24 hour incubation period. A t  the end o f  
th i s  time the vials  were opened, and 50 u l  o f  1 . 0  N H C 1  were 
added. The vials  were re-sealed and gently swirled for several 
minutes t o  f a c i l i t a t e  the dissolution of 14C02 ( a n d  H 1 4 C N ! )  a n d  
subsequent adsorption on the phenethylamine-soaked f i l t e r  paper. 
The radioactivity on  the f i l t e r  papers was then analyzed by 
l i q u i d  s c i n t i l l a t i o n  spectroscopy. 
3 . 3  Cyanide analyses and  waste liquor character is t ics .  
3 .3 .1  General procedures---waste 1 iquors. 
Waste liquors were received during June a n d  July o f  1984 i n  
2 g a l l o n  PVC bott les.  Upon receiving the waste water, pH a n d  
c o n d u c t i v i t y  were immediately determined. The samples were 
stored i n  darkness i n  closed containers u n t i l  ready for use i n  
experiments. Boojum Research L t d .  had agreed t o  carry o u t  the 
work under a non-analysis agreement, hence no waste liquors were 
analyzed. Materials related t o  the wastes were prepared for 
analysis a n d  shipped t o  Arvida f o r  processing. A "black b o x "  
approach was adapted for the preliminary investigations. 
3 .3 .2  Cyanide i n  Phormidium-Oscillatoria cultures. 
A t  the conclusion o f  the experiment where cyanide ( K C N )  was 
used as a nitrogen source for Phormidium-Oscillatoria growth, 
the pH o f  the media was measured a n d  cyanide ( t o t a l  a n d  " f r ee" )  
were analysed by the Ontario Research F o u n d a t i o n .  These 
analyses were f e l t  necessary t o  demonstrate the need fo r '  
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continuous cyanide measurements a n d  t o  g a i n  confirmation o f  
cyanide chemistry i n  culture medium. As a check o n  the accuracy 
o f  the i r  methodology, several samples were included which 
contained cyanide (KCN; pH 1 1 . 0 )  a t  0 ,  0 . 5  a n d  5 .0  m m  ( 0 ,  1 2 . 5  
and 125 ppm, respectively). 
3 . 3 . 3  Cyanidets) i n  sediment extracts  
A 2 cm layer o f  sediment-organic matter from 7 s i t e s  i n  the 
B stream s i t e s  was placed on  the bo t tom of  a 250 sl Erlenmeyer 
flask and  covered w i t h  100  ml o f  d i s t i l l e d  H20; these samples 
were steamed a t  121OC for 5 m i n .  i n  an autoclave. After cooling 
a n d  s e t t l ing  o f  sediment, the extract  was f i l t e red  and the pH 
was taken. The soi l  extracts were stored i n  darkness i n  a 
refrigerator (ca. 4oC) .  F i n a l l y ,  i n  February 1985 the soi l  
extracts were sent t o  Alcan for analysis of  t o t a l  and  " f ree"  
cyanide. Theoretical 1 y these samples shoul d contai n no cyanide 
a f te r  th i s  treatment. 
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4 . 0  RESULTS A N D  DISCUSSION 
4 . 1  The Chara process 
4 . 1 . 1  The qrowth potential o f  Chara S P P .  
Chara spp. are ecologically adapted t o  l i v i n g  i n  a lkal ine  
environments ( p H  7- > 9 )  where the calcium a n d  s u l f a t e  
concentrations may be as h i g h  a s  130 mg/L and 225 mglL, 
respecti vel y ,  a n d  some species i n h a b i t s  sal t sprf ngs 
(Hutchi nson, 1975) .  Charophytes reported1 y accumul a t e  more iron 
1.4% dry w t .  according t o  Baszynsky & Karczmarz ( 1 9 7 7 ) .  The 
major s i t e  o f  heavy metal b i n d i n g  by Chara (e .9 .  , C u ,  Hg, Z n ,  
Fe, Ag, Sr ,  Cd e t  a l . )  i s  the ce l l  wall  (Jahnke e t  a l .  1981) .  
T h u s  the metal adsorption by Chara i s  a physical-chemical 
process occurring equally well on l i v i n g  or dead material. Taken 
together, the growth ( h a b i t a t  preference) a n d  ce l l  wal l  
charac te r i s t ics  o f  Chara suggest t h a t  i t  could function as ( 1 )  a 
passive polishing agent growing i n  s i tu  i n  appropriate mine 
e f f luen t s  or ( 2 )  as  an e f fec t ive  bioadsorbent for metal and/or 
metal o-complexes. 
t h a n  any other aquatic p l a n t  (Blake & D u b o i s ,  1982) ;  0 . 9  t o  
4 . 1 . 2  The survival o f  Chara globularis  
Table 1 gives the resu l t s  o f  the Chara growth experiment. 
In comparison w i t h  a l g a l  growth i n  the two control f lasks 
c o n t a i n i n g  Guelph Pond water, Chara survived for u p  t o  8-10 days 
i n  the Arvida waste water samples. A t  present we do  n o t  k n o w  
what f a c t o r ( s )  were most injurious t o  the h e a l t h  o f  the Chara 
growing i n  e f f luent  streams B a n d  C .  As alkal ine  lakes (ca. pH 
9 )  are a natural h a b i t a t  o f  Chara, the h i g h  pff o f  t h e  l iquors 
may n o t  be the major factor contributing t o  the death o f  the 
Chara, except i n  l iquors 1 and  3 where the pH was > 1 2 . 0 .  
Survival o f  Chara globularis ,  a species n o t  adapted t o  
sa l ine  h a b i t a t s  i n  the liquors suggests t h a t  Chara evaluta or 
Chara aspera p o p u l a t i o n s  from s a l  i ne environments, i . e. growi ng 
i n  s a l t  p o n d s  around Swiftcurrent, Medicine Hat ,  or Vernon, B . C .  
may be more e f fec t ive  i n  the Na-laden liquors o f  Arvida. 
Unfortunately the sa l ine  (Na r ich)  charac te r i s t ics  o f  the waste 
liquors was o n l y  brought t o  our a t tent ion a f t e r  the growth t e s t s  
h a d  been carried o u t  w i t h  the available stock cultures o f  C. 
globularis .  Saline species, growing i n  saturated s o l u t i o n s  a n d  
re la t ive ly  murkey waters may be best sui ted for  passive 
polishing i n  the red mud ponds. 
4 . 1 . 3  Preliminary adsorption experiments 
Experiments were conducted i n  the face o f  reasonable d o u b t  
given the cation exchange cha rac te r i s t i c  o f  the Charophyceae. 
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TABLE 1 
SURVIVAL OF CHARA GLOBULARIS I N  5 WASTE WATERS 
P H I  Time i n  c u l t u r e  
( i  n i  t i  a1 ) Hours 
( f i n a l )  18 42 114 5 6 
Days 
7 8 10 
a l i v e  a l i v e  s l i g h t l y  no l i m p  l i m p ,  s t i l l  [ & j  l i m p  change g row ing  
( 7.9 I a l i v e  a l i v e  a l i v e  a l i v e  s l i g h t l y  no l i m p  ----- 
( 8.15) l i m p  change 
POND WATER 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 7.2) a1 i ve semi - 1 i mp dea th  dead ----------------- 
( 8 - 8 1  a l i v e  s t a r t  
( 9.2) a l i v e  a l i v e  a l i v e  l i m p  l i m p  l i m p  dea th  
( 7.8) s t a r t  
( 8.9) a l i v e  a l i v e  a l i v e  semi-  semi- l i m p  dea th  
( 7 - 8 1  a l i v e  a l i v e  s t a r t  
1 - 1 s t  t e s t  
2 - 2nd t e s t  
C o n t r o l s :  Run i n  d u p l i c a t e  and a l l  p l a n t s  were a l i v e  a t  t h e  
t e r m i n a t i o n  o f  t h e  exper iment ;  pH o f  C o n t r o l  # l  was 7 .8  and 8 . 3  
and C o n t r o l  #2, 7.8 and 8.7 b e g i n n i n g  and end r e s p e c t i v e l y .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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However, in te res t ing  and  useful resu l t s  were obtained which 
suggested t h a t  Chara may have a metalo-cyanide bioadsorbent 
capabi  1 i t y .  
4 . 1 . 3 . 1  S o a k i n g  Chara i n  p o t  l i n i n g  leachate 
Table 2 shows the concentrations ( m g l L - 1 )  o f  t o t a l  and f ree  
cyanide remaining i n  p o t l i n i n g  leachate a t  the end o f  the 
experiments i n  which Chara was employed a s  a potential 
bioadsorbant. The i n i t i a l  concentration o f  t o t a l  and  f ree  
cyanide were n o t  determined a t  the beginning o f  the experiment, 
b u t  a reasonable measure o f  these values may be seen i n  the 
uucontrol't values, 1.e.  v i a l s  w i t h o u t  Chara, sealed a t  the 
beginning o f  the experiment a n d  n o t  opened u n t i l  they reached 
A 1  can for cyani de anal  yses. 
However, the l a t t e r  f ree  cyanide value may be a s l i gh t  
underestimate o f  the i n i t i a l  concentration o f  C N "  present a t  the 
beginning o f  the experiment. Some a i r  was l ikely  contained 
above the s o l u t i o n  a n d ,  therefore,  shaking during transportat ion 
o f  the v i a l  could have produced v o l a t i l i z a t i o n  and o x i d i z a t i o n  
o f  cyanide. A t  b o t h  pH 1 2  and  9, there was a dramatic reduction 
i n  t o t a l  a n d  f ree  cyanide i n  the v i a l s  which contained the 
natural ,  decalcif ied a n d  FeCl 3- treated Chara. 
Simovic (1984) has recently determined the e f f ec t  o f  UV 
l i g h t ,  temperature a n d  metals o n  the loss o f  H C N  from s o l u t i o n .  
There i s  a rapid loss o f  H C N  even a t  pH 10  from non-aerated 
solutions a n d  there i s  a strong tendency for H C N  formation froa 
CN' which i s  o n l y  rate- limited by dissociat ion o f  the various 
cyano-metal complexes which may be present i n  s o l u t i o n .  
Figure 3 s h o w s  the equilibrium between H C N  a n d  CN' i n  
solution a s  a function o f  pH. The e f f ec t  o f  chemically 
m a n i p u l a t i n g  waste liquor #l from pH 1 2  down t o  pH 9 t o  s t a r t  
the experiment produced a 30% reduction i n  t o t a l  cyanide a n d  a 
50% reduction i n  " f ree"  cyanide, i . e .  H C N ,  CN' a n d  simple 
cyano-metal complexes, c f .  Simovic, 1984).  The physical 
processes o f  opening of  the v i a l s ,  together w i t h  aeration during 
the f i l t e r i n g  a n d  decanting o f  the Chara containing solutions 
probably volat i l ized much o f  the f ree  cyanide prior  t o  s h i p p i n g  
the samples t o  Alcan f o r  analysis .  
Evidence for t h i s  in terpreta t ion may be seen i n  Table 2 for  
the t o t a l  a n d  f ree  cyanide values a t  pH 1 2 ,  b u t  three a d d i t i o n a l  
assumptions are required: (1) t h a t  the t o t a l  a n d  f ree  C N  for 
the control i s  reasonably accurate; ( 2 )  t h a t  the t o t a l  C N  for 
the 4 experimental cbnditions real ly  represent the strongly 
complexed cyanide (presumably  F ~ ( C N ) G - ~ )  i n  s o l u t i o n ;  a n d  
f i n a l l y ,  ( 3 )  t h a t  preparation of  the Chara treated samples 
vola t i l ized the greater part o f  the "f ree"  cyanide present. 
In the case o f  the control cyanide values, t o t a l  (267 ppm) 
minus f r ee  ( 1 6 0  ppm) = 107 ppm o f  t i g h t l y  complexed cyanide 
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TABLE 2 
CYANIDE(S) R E M A I N I N G  AFTER S O A K I N G  OF DEAD C H A R A  
Chara 
Treatment 
Cyanide i n  mg/l 
pH 12 PH 9 
C o n t r o l  
(no Chara) 
267 160 180 80 
N a t u r a l 1  93 1 . 5  8. 3 3 . 7  
Decal c i  f i e d  87 4 . 1  105 50 
Natura l  - FeC13' 87 1 . 9  
t r e a t e d  
D e c a l c i f i e d  - 65 6 . 3  
FeCl3- t r e a t e d  
67 2 0  
52 45 
1 - Chara w i t h  normal accumulation o f  encrust ing  CaC03 
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Figure 3 .  Graphs showing t h e  percentages o f  
HCN and CN- i n  s o l u t i o n  as a func t ion  of pH. 
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i n i t i a l l y  p r e s e n t  a t  t h e  o u t s e t  o f  t h e  exper iment .  I f  we t a k e  
an  average o f  t h e  4 t o t a l  CN va lues  f o r  t h e  e x p e r i m e n t a l  Chara 
t r e a t m e n t s ,  we o b t a i n  63 ppm which  may be w i t h i n  e x p e r i m e n t a l  
e r r o r  o f  t h e  107 ppm c a l c u l a t e d  as i n i t i a l l y  p r e s e n t  a t  pH 12 
under t h e  e x p e r i m e n t a l  c o n d f t i o n s  used. 
I n  o t h e r  words, we suggest  t h a t  t h e  s o - c a l l e d  ' t o t a l "  
c y a n i d e  i n  t h e  4 e x p e r i m e n t a l  Chara t r e a t m e n t s  may c l o s e l y  
app rox ima te  t h e  r e s i d u a l ,  s t r o n g l y  complexed c y a n i d e  w i th  " f r e e i f  
c y a n i d e  a t  n e g l i g i b l e  l e v e l s .  Note  t h a t  t h e  c o r r e s p o n d i n g  " f r e e "  
c y a n i d e  v a l u e s  f o r  t h e  4 e x p e r i m e n t a l  v i a l s  a r e  ve ry  l ow  
(between 1.9 and 6.3 ppru). We f u r t h e r  suggest  t h a t  t h e  p h y s i c a l  
p rocess  o f  open ing  t h e  v i a l s ,  f i l t e r i n g  t h e  s o l u t i o n s  and 
a e r a t i n g  them may have caused the major  loss o f  " f r e e "  c y a n i d e  
(see S imov ic ,  1984) and n o t  t h e  f a c t  t h a t  Chara was f u n c t i o n i n g  
as a b i o a d s o r b a n t .  These r e s u l t s  s t r o n g l y  suggest  t h a t  a t i g h t  
e x p e r i m e n t a l  d e s i g n  w i t h  immedia te  c y a n i d e  a n a l y s i s  s h o u l d  be 
d e r i v e d  f o r  f u r t h e r  work. 
4.1.3.2 - Fe-CC-cyan ide  s p i k e d  p o t  l i n i n g  l e a c h a t e  
The r e s u l t s  o f  t h i s  expe r imen t  a r e  shown i n  F i g u r e  4. A t  
pH 12, t h e r e  was no s i g n i f i c a n t  a d s o r p t i o n  o f  Fe(14CN)6 t o  any 
o f  t h e  t r e a t e d  or u n t r e a t e d  Chara o r  Whatman f i l t e r  paper .  A t  
pH 9, however, t h e r e  was r e d u c t i o n  o f  Fe(14CN)64- i n  s o l u t i o n s  
i n  wh ich  FeC13 t r e a t e d  Chara ( b o t h  c a l c i f i e d  and d e c a l c i f i e d )  
was soak ing .  About 75% o f  t h e  r a d i o a c t i v i t y  was removed f r o m  
t h e  l e a c h a t e  w i t h i n  4 hours .  
Is t h e r e  an apparent  d i s c r e p a n c y  between t h e s e  r e s u l t s  and 
t h o s e  i n  4.1.3.1 above, e s p e c i a l l y  w i t h  r e g a r d  t o  t h e  pH 12 
d a t a ?  The i n f e r e n c e  f r o m  t h e  r e s u l t s  above a t  pH 12, i s  t h a t  
s t r o n g l y  complexed cyan ides  such as Fe(CN)fj4- remained i n  
s o l u t i o n  i n  s p i t e  o f  t h e  presence o f  t h e  4 k i n d s  o f  Chara. The 
r e s u l t  from t h e  t r a c e r  expe r imen t  w i t h  Fe(14CN)64- a t  t h e  pH 1 2  
s u p p o r t s  t h i s  i n t e r p r e t a t i o n  as t h e r e  was no removal o f  
Fe(14CN)64- f r o m  s o l u t i o n  by Chara ( F i g .  4 )  a t  t h a t  pH. 
I t  i s  i n t e r e s t i n g  t h a t  a c o n s i d e r a b l e  amount o f  t r a c e r  was 
removed f r o m  s o l u t i o n  a t  pH 9. One p o s s i b l e  e x p l a n a t i o n  f o r  t h e  
d i f f e r e n c e  i n  t h e  apparent  c a p a c i t y  o f  Chara t o  b i n d  Fe(CN)64- 
a t  pH 9 and n o t  pH 12 may be due t o  a s a t u r a t i o n  o f  t h e  Chara 
an ion  b i n d i n g  s i t e s  w i t h  OH- a t  pH 12. I t  s h o u l d  be n o t e d  t h a t  
as a b i o a d s o r b a n t ,  Chara may be expec ted  t o  e x h i b i t  an exchange 
c a p a c i t y  wh ich  v a r i e s  as a f u n c t i o n  o f  pH ( c f .  Tsezos and 
co-workers s t u d i e s  on. u ran ium b i n d i n g  t o  f u n g a l  hyphae o f  
Rhizopus, e .g . ,  Tsezos, 1984) and t h e r e  i s  no a p r i o r i  reason t o  
expec t  o t h e r w i s e .  
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F igure  4 .  R a d i o a c t i v i t y  (cpm) remaining i n  
s o l u t i o n  a f t e r  soaking Chara and Whatman f i l t e r  
paper  i n  p o t  l i n i f g  l e a c h a t e  ( p H  1 2  and 9 )  
con ta in ing  ferro- C-cyanide. 
Key: Control  ( l e a c h a t e  a lone )  
Chara n a t u r a l  * - - - O  
Chara d e c a l c i f i e d  0--0 
Chara n a t u r a l ;  Fe- t rea ted  x - - - - - X  
Chara deca l . ;  Fe- t rea ted  x-- - X  
Whatman f i l t e r  paper  o- 0 
Whatman f i l t e r  paper ;  Fe- 
t r e a t e d  0- -  - - 0  
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4 . 2  Indiqenous allcrea a t  Arvida 
4 . 2 . 1  Growth potenti a1 o f  a1 qae-bacteri a assembl ages. 
The Phormidium-Oscil latoria-bacteria assembl age was 
collected a t  numerous locations i n  the waste streams. (Table 3 ) .  
Stream B a n d  C have reportedly large variations i n  flows a n d  
pH's. Why are these blue-green algae g r o w i n g  there? These are 
h i  g h l  y adaptable organisms (a1  ong  w i t h  their  associated 
bacterial f lo ra )  which have the a b i l i t y  t o  colonize -- 
frequently v i a  airborne vectors -- a q u a t i c  habitats w h i c h  have 
h i  g h l  y vari able physical and/or chemical envi ronments, e. g .  
splash zones o f  marine and freshwater shorelines, h o t  springs, 
deserts,  e tc .  (Carr & W h i t t o n ,  1 9 8 2 ) .  Because of  the i r  
dominance i n  the a q u a t i c  areas a t  Arvida, the 
Phormi d i  urn-Osci 1 1  atori  a-bacteri a assembl age have i ndeed " s h o w n  
themselves" t o  be successful i n  coping w i t h  the variable b u t  
mostly h i g h  pH a n d  the apparent l a ck  o f  nitrogen other t h a n  CN- 
(perhaps some NH4+).In a real sense these organisms are there 
because of  a n d  n o t  i n  sp i te  of  the l a t t e r  conditions. 
4 . 2 . 2  Alaal  identif ication 
Table 3 l i s t s  the genera of  algae identif ied i n  collections 
made a t  Arvida i n  1984. The d o m i n a n t  t a x o n  a t  each l o c a t i o n  i s  
indicated. O f  part icular in teres t  are the "macro" algae, as 
opposed t o  the unicellular algae such as Chlorella ( s i t e s  A B  
2- 4 ) .  I t  i s  evident t h a t  the blue-green algae, part icularly the 
genera Phormidium ( tentat ively identif ied as PA luridum) a n d  
Oscil latoria,  were the d o m i n a n t  t a x a  a t  most o f  the alkaline 
s i t e s .  
Table 4 gives descriptions o f  stocks available from 
collections as cultures. Appendix B l i s t s  t h e  locations where 
Phormi d i  urn-Osci 1 1  atori a were f o u n d  w i t h  the same codes. A t  the 
least  alkaline s i t e .  AB-6 w i t h  a P H  o f  6.8. the major a l q a l  
t a x o n  was the green filamentous'alga, Spiroqyra sp. th i s  a l g a l  
complex has been f o u n d  frequently on  t a i l ings  s i t e s .  This group 
posesses also a mucaligenous sheet, w h i c h  makes them sui table  as 
a passive polishing agent. The "Phormi d i  urn-Osci 1 1  a tor ia  
-bacterial assembl age" grow as an inseparable mat covering the 
surface o f  sediments a n d  rocks, as depicted i n  photographs o f  
these genera (Figure 2 ) .  
4 . 2 . 3  Maintenance o f  a l q a l  cultures 
Subsamples o f  the a l g a l  collection were cultured on  a 
variety o f  l i q u i d  growth media and  were also plated o u t  on  agar 
(Table 3 ) .  S tock  cultures from the Arvida s i t e s  currently 
receive subsistence maintenance a t  Boojum Research L t d .  These 
stocks on subsistence are hoped t o  m a i n t a i n  the s i te- spec i f ic  
characterist ics o f  the organism. I f  further work i s  required , 
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TABLE 3 
ALGAL I D E N T I F I C A T I O N S  AND CULTURE STATUS 
S I T E  ORIGINAL DOMINANT ALGAL T A X A  CULTURE STATUS 
NO. PH L i q u i d  Agar 
AB-1  
AB-2 
AB-3 
AB-4 
AB-5 
AB-6 
AB-7 
A C - 1  
A R M - 1 A  
ARM-48 
8 . 3  Osci 11 a t o r i  a AB-1 S.E.**  AB-1  S.E.  
Phormi d i  urn BBM + AB- 1 S.E. BBM 
BBM 
A l l e n ' s  Medium 
A n a c y s t i s  Medium 
Cyanophycean Medi um 
10.8 Chlamydomonas BBM Chu-10 
Chl o r e l  1 a* BBM + AB-1  S.E. BBM 
(a1  s o  yeas t  and b a c t e r i  a1 c o l o n i e s )  
11 .6  
10.3 
7.9 
6 . 8  
10.0  
9.0 
11.98 
11.3 
Chl o r e l  1 a* 
Chl o r e l  1 a* 
BBM 
BBM+AB-1 S. E. 
BBM 
BBM+AB-1 S. E. 
Anabaena(? ) (sma l l  
Chl amydornonas 
Chl o r e l  l a *  
Spi r o q y r a  
d l  atoms (Nav i  c u l  a ? )  
b l  uegreen f i 1 ament) BBM 
Osci 11 a t o r i  a* BBM+AB-1 S. E. 
Spi  r o q y r a *  BBM 
U l o t h r i x ( ? )  ( s m a l l  
m e e n  f i 1 ament I BBM+AB-1 S. E. 
i j s c i l l a t o r i a  ' 
Phormi  d i  um 
Anabaena(?) ( s m a l l  
b l u e g r e e n  f i l a m e n t )  BBM 
Chl . -  o r e l  1 a* BBM+AB-1 S. E. 
BBM 
BBM 
Chu-10 
AB-1  S.E.  
BBM 
Chu-10 
AB- 1 S.E. 
BBM 
BBM 
Chl amvdomonas 
( a l s o  c i l i a t e  p r o t o z o a n s / r o t i f e r s )  
Osci  11 a t o r i a  BBM BBM 
Phormi d i  um* BBM+AB-1 S. E. AB-1  S.E. 
Chu-10 
Smal l  b l  uegreen f i 1 aments 
( g r o w i  ng s l o w l y )  
AB-1 S.E. 
Chl o r e l  1 a* BBM+AB-1 S. E. AB- 1 S.E. 
Osci 11 a t o r i  a 
Phormi d i  um* 
( a l s o  y e a s t s  mold c o l o n i e s  and b a c t e r i a )  
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TABLE 3 ( c o n t i n u e d )  
S I T E  O R I G I N A L  DOMINANT ALGAL T A X A  CULTURE STATUS 
NO. PH L i  q u i  d Aaar 
ARM-48 1 0 . 7  
ARM-41A 11 .74  
ARM-41B 11 .75  
ARM-5 1 2 . 3  
ARM-6A 9 .42  
ARM-6B 1 0 . 1  
ARM-7 1 1 . 9 8  
ARM-8A 1 0 . 8  
ARM-8B 1 1 . 4  
Small b l  uegreen c o l o n i e s  
( n o t  i d e n t i f i e d )  
Osci 1 1  a t o r i  a* 
Phormi d i  urn* 
Osci 11 a t o r i  a 
Phormi d i  urn* 
C h l  o r e l  1 a* 
Osci 1 1  a t o r i  a BBM+AB-1 S.  E.  
Phorlni d i  urn* 
Chl  o r e l  1 a* 
C h l  amydomonas 
( a l s o  yeasts, m o l d s ,  b a c t e r i a )  
Phormi d i  urn* BBM+AB-1 S. E. 
Osci 11 a t o r i  a 
Phormi d i  um* 
Osci 11  a t o r i  a 
Phormi d i  um* BBM+AB-1 S.  E.  
Osci 1 1  a t o r i  a 
Chl  o r e l  1 a 
Scenedesyus ( ? )  
d i a t o m s  (Nav i  cul a )  
( a l s o  b a c t e r i a ,  yeasts)  
Osci 1 1  a t o r i  a BBM+AB- 1 S.  E .  
P h o r i i  d i  um* 
Phormi d i  u m (  ? )  
small b l  u e g r e e n  f i 1 ament 
( u n i d e n t i f i e d )  
C h l  o r e l  1 a* 
p a l n e l l o i d  green a l g a  ( u n i d e n t i f i e d ) *  
( a l s o  yeasts,  b a c t e r i a )  
AB-1 S . E .  
A B - 1  S . E .  
A B - 1  S . E .  
AB- 1 S . E .  
AB-1  S . E .  
A B- 1  S . E .  
AB-1  S . E .  
A B - 1  S . E .  
Phormi d i  um* AB- 1 S . E .  
Osci 11 a t o r i  a 
** S . E .  s o i l  ex t rac t  p r e p a r e d  f rom sediments c o l l e c t e d  
f rom f i e l d  s i t e s  
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TABLE 4 
SOURCES OF P H O R M I D I U M  STOCK CULTURES 
S I T E  pH PRESENCE G R O W I N G  I N  
AB-1  8 .3  dominant  
( 10 /7  / 84 )  
AB-6 6.8 p r e s e n t  
( 1 9 / 1 0 / 8 4 )  b u t  n o t  dominant  
A C - 1  9.0 domi n a n t  
( 1 9 / 1 0 / 8 4 )  
ARM-4A 11.3 dominant  
( 2 6 / 1 0 / 8 4 )  
ARM-41A 11.74 domi n a n t  
(26110184)  
ARM-41B 11.75 domi n a n t  
( 2 6 / 1 0 / 8 4 )  
ARM-5 12.3 domi n a n t  
( 2 6 / 1 0 / 8 4 )  
ARM-6A 9.42 dominant  
( 2 6 / 1 0 / 8 4 )  
ARM-6B 10.1 dominant  
( 2 6 / 1 0 / 8 4 )  
ARM-7 11.98 common 
( 2 6 / 1 0 / 8 4 )  
ARM-8A 10.8 domi n a n t  
( 2 6 / 1 0 / 8 4 )  
ARM-8B 11 .4  dominant  
( 2 6 / 1 0 / 8 4 )  
AB-1 S.E. 
BBM+AB-1 S. E. 
BBM 
A1 1 ens Medi um 
A n a c y s t i s  Medium 
Cyanophycean Medi urn 
A B - 1  S.E. 
Chu-10 
BBM 
BBM-AB-1 S. E. 
AB-1 S.E. 
Chu-10 
BBM 
BBM+AB-1 S. E. 
AB-1 S.E.  
BBM+AB-1 S. E. 
AB- 1 S.E.  
AB -1  S.E. 
AB -1  S.E. 
BBM+AB-1 S. E. 
AB-1 S.E. 
BBM+AB-1 S. E. 
AB-1  S.E. 
AB- 1 S.E. 
BBM+AB-1 S. E. 
A B - 1  S.E. 
BBM+AB-1 S. E. 
AB-1  S.E. 
A = A l c a n  B = B s t ream C = C s t ream ARM = Red mud pond 
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TABLE 5 
SUMMARY OF ALGAL BIOMASS 
I N I T I A L  C Y A N I D E  CONCENTRATION ( m M )  
TREATMENT I DAY I 0 0 .5  1 . 0  2.5 5.0 ----------I-----I----------------------------------------------- 
+ NO3 I I 
I 0 I 1.63 1.63 1.63 1.63 1.63 
I I+  0.21 + 0.21 + 0 .21  + 0.21 + 0.21 
0.79 5.45 1.98 1.63 
I I 
I 14  I 1.82 
I I+ 0.51  + 0.19 + 1 .42  + 1.22 + 0.04 
1.23 1.25 1.95 1.52 
I I 
I 35 I 1.80 
I I+  0.42 + 0.41 + 0.33 + 0.22 + 0.44 
I I 
- NO3 I I 
I 0 I 1.63 1.63 1.63 1.63 1.63 
I I+  0 .21  + 0 .21  + 0 .21  + 0 .21  + 0 .21  
2.59 1 .55  1.28 1.31 
I I 
I 14 I 0.88 
I I+ 0.17 + 1.73 + 0.26 + 0.07 + 0.25 
1.18 1.05 1 .47  1.52 
I I 
I 35 I 1.79  
I I+ 0.18 + 0.12 + 0.22 + 0.50 + 0.24 
I I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Expressed as mg d r y  w t  + 1 S.D. i n  B o l d ' s  Basa l  Medium 
supplemented w i t h  n i t r a t e  a n d / o r  c y a n i d e  as the n i t r o g e n  
sources. 
Legend: n = 2-3 samples 
2 4  
these collections w i l l  be used as sources for extensive culture 
production. 
4 . 2 . 4  Growth o f  Phormi d i  um-Osci 1 1  atori  a 
Part icular emphasis was placed on  culturing o f  the 
Phormidium-Oscillatoria collections on  d i f ferent  media, a t  pH 8 
a n d  10. One o f  the primary requirements for the development o f  a 
passive polishing agent i s  the a b i l i t y  t o  carry o u t  experiments 
w i t h  the organisms t o  determine and  manipulate the i r  
effectiveness. 
The resu l t s  o f  these experiments are shown i n  Figure 5. 
Best a l g a l  growth was achieved a t  pH 9 o n  Bold’s Basal Medium 
w i t h  a “sediment extract  a d d i t i o n  (10%). The b l  ue-green a1 gae 
d i d  n o t  grow on Allen’s medium a t  pH 8. In general, growth was 
rather similar on  7 o f  the 9 media. In healthy cultures, the pH 
o f  the media i s  maintained or sometimes increased. In unhealthy 
cultures the pH decreases. 
4 . 2 . 5  Preliminary experiments w i t h  cyanide 
In order t o  f a c i l i t a t e  s t r i c t  comparisons among experiments 
a n d  t o  produce some indication o f  general growth trends i n  a 
reasonable length o f  time, culture s ta tus  was n o t  emphasized a n d  
no additions were made t o  the original sample. The i n i t i a l  
sample o f  Phormi d i  um-Osci 1 1  atori  a served as a source o f  a1 gae 
for experiments conducted over a period o f  7 months. However, 
by the time the second growth experiment was se t  u p ,  the algae 
populations had apparently been exhausted. 
4.2.5.1 Cyanide as a nitrogen source 
In the growth experiment t o  determine whether the 
Phormi d i  um-Osci 1 1  atori  a-bacteria assembl age could u t i  1 i ze CN’ as 
a nitrogen source, the resul ts  are inconclusive (Table 5 ) .  
Except for a spurious increase i n  a l g a l  weight a t  d a y  14 (NO3 + 
1.0 C N )  none o f  the culture conditions displayed weight 
increases (compare w i t h  F i g .  5 ) .  Over the course o f  the 
experiment the pH decreased from a b o u t  1 0  t o  6-7 a t  d a y  35, 
indicating t h a t  the cultures were n o t  healthy. 
4 . 2 . 5 . 2  Conversion o f  cyanide t o  carbon dioxide 
The Phormi d i  um-Osci 1 1  atori  a-bacteri a assemblage used i n 
the prel imi nary experiment t o  determi ne whether 1 4 C N -  was 
removed from the culture medium, was taken from the same stock 
culture used for the growth experiment w i t h  CN‘. The resu l t s  
shown i n  Table 7 indicated t h a t  there was no s ignif icant  
difference between radioactivity trapped on the phenethyl ami ne 
soaked f i l t e r s  i n  the b l a n k ,  dead algae or l ive  algae 
treatments. 
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Figure 5. Growth of the "Phormidium- 
Oscillatoria-bacteria assemblage" in 
various culture media. See Appendix C 
for culture media formulations. 
Key: BBM + soh1 extract pH 9 0-0 
BBM pH 8 0-0 
BBN pH 10 X-X 
Allen's pH 8 0 -A 
Allen's pH 10 A A 
Cyanophycean pH 8 p - = - -  D 
Cyanophycean pH 10 - - 1 
0 Anacystis pH 8 Q - - - + Anacystis pH 10 +---  
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TABLE 6 
C O N V E R S I O N  OF CN TO cop 
T r i  a1 s 
R a d i o a c t i v i t y  i n  cpm* 
I n d i  v i  dua l  f i  1 t e r  papers  mean +, 50 
C o n t r o l  v i a l  83, 146, 57 
( w i t h o u t  a l g a e )  
95.3 +, 45.8 
Dead a l g a e  82, 97, 102, 91, 168 107.9 +, 44.4 
67, 198, 80, 86 
L i v i n g  a l g a e  79, 187, 123, 322, 130, 135.9 +, 84.5 
* coun ts  p e r  m i n u t e  
The P h o r m i d i u m - O s c i l l a t o r i a  exper imen t  was a l s o  c a r r i e d  o u t  
w i th  a l g a e  g row ing  i n  t h e  o r i g i n a l  sample , and i t  i s  
r e a s o n a b l e  t o  assume t h a t  cyan ide  was d e p l e t e d  i n  t h e  s o l u t i o n .  
The sudden change t o  t h e  new s u b s t r a t e  w i t h  cyan ide  i n  t h e  
exper imen t  d i d  n o t  a l l o w  t h e  a l g a e  n o r  t h e  b a c t e r i a  t o  "gea r  up"  
metabol  i c a l l  y f o r  t h i s  new n i t r o g e n  source .  
When s w i t c h i n g  f rom one n i t r o g e n  s o u r c e  t o  another ,  t h e  a l g a  
must adapt  i n t e r n a l l  y ,  i. e. b i o c h e m i c a l  1 y, t o  t h e  change i n 
s u b s t r a t e .  These a d a p t a t i o n s  have been b e s t  s t u d i e d  i n  b a c t e r i a .  
F o r  i n s t a n c e ,  when Pseudomonas f l  uorescens,  was c o n f r o n t e d  w i t h  
cyan ide ,  one or more new p r o t e i n s  were syn thes i zed ,  d e  novo, 
presumably i n  o r d e r  t o  m e t a b o l i z e  t h e  new s u b s t r a t e  ( H a r r i s  & 
Know1 es, 1983) .  Such b i  ochemi c a l  changeovers a r e  n o t  i mmedi a t e ;  
t h e r e  i s  a l a g  p e r i o d  b e f o r e  t h e  new s u b s t r a t e  can be 
e f f i c i e n t l y  me tabo l i zed .  
So, a p a r t  f rom t h e  t e c h n i c a l  d i f f i c u l t i e s  i n h e r e n t  i n  o u r  
a t t e m p t  t o  p r e f e r e n t i a l l y  v o l a t i l i z e  14CO2 and n o t  H14CN f rom 
s o l u t i o n  a t  t h e  end o f  t h e  14CN-feeding exper iment ,  t h e  
fundamenta l  d e s i g n  o f  t h e  exper imen t  has t o  be d r a s t i c a l l y  
m o d i f i e d .  F u t u r e  exper imen ts  have t o  f u l f i l l  t h e  f o l l o w i n g  
c o n d i t i o n s .  
The a l g a e  have t o  be grown on CN as N source.  The pH o f  
t h e  c u l t u r e  has t o  be m a i n t a i n e d  above 9 and m o n i t o r i n g  o f  CN 
c o n c e n t r a t i o n  d u r i n g  t h e  g rowth  and t h e  exper iments  has t o  be 
c a r r i e d  o u t .  F i n a l l y ,  and most i m p o r t a n t l y ,  t h e  l a b e l l e d  ca rbon  
i s  t o  be t r a c e d  i n  t h e  a l g a e  and n o t  i n  s o l u t i o n .  
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4.3 Cyanide anal  yses 
4 . 3 . 1  Cyanide i n Phormi  d i  urn-Osci 11 a t o r i  a c u l t u r e s  
Appendix D shows t h e  c y a n i d e  ana lyses  per fo rmed on t h e  
c u l t u r e  f i l t r a t e s  a t  t h e  end o f  t h e  p r e l i m i n a r y  c y a n i d e  
n u t r i t i o n  exper iment .  As t h e  f i n a l  pH o f  t h e  c u l t u r e s  was 6.5 - 
7.0, we a n t i c i p a t e d  r e s u l t s  showing u n d e t e c t a b l e  c y a n i d e  l e v e l s .  
O R F  ana lyses  c o n f i r m e d  our  e x p e c t a t i o n s .  They a l s o  demons t ra ted  
a n a l y t i c a l  r e l i a b i l i t y  i n  cyan ide  d e t e r m i n a t i o n s  by c o r r e c t l y  
e v a l u a t i n g  s tandards  which were i n t e r s p e r s e d  w i t h  t h e  
e x p e r i m e n t a l  c u l t u r e  samples (Appendix  0 ) .  
4.3.2 Cyanide i n s e d i  ment e x t r a c t s  
F i g u r e  6 shows t h e  genera l  t r e n d  o f  pH d u r i n g  s t o r a g e  o f  
t h e  v a r i o u s  waste l i q u o r s  f rom t h e  C and B s t ream p a r t i c u l a r l y .  
A l t h o u g h  t h e  c o n t a i n e r s  a r e  c l o s e d  and s t o r e d  i n  darkness  a t  
r o o m  tempera ture ,  t h e  pH changes, and a s s o c i a t e d  a 
c o r r e s p o n d i n g  s h i f t  f r o m  CN- t o  HCN and when t h e  b o t t l e s  a r e  
opened, HCN escapes. I t  i s  obv ious  t h a t  " f r e e "  c y a n i d e  
d e t e r m i n a t i o n s  a f t e r  p r o l o n g e d  s t o r a g e  o f  water  samples do n o t  
a c c u r a t e l y  r e f l e c t  t h e  c y a n i d e  l e v e l s  p r e s e n t  a t  t h e  t i m e  o f  
c o l l e c t i o n  o f  t h e  samples. Under i d e a l  c i rcumstances ,  any 
c y a n i d e  s t u d i e s  s h o u l d  n e c e s s i t a t e  t h e  per formance o f  c y a n i d e  
ana lyses  i m m e d i a t e l y  p r i o r  t o  t h e  exper imen t ,  e s p e c i a l l y  i n  
samples where t h e  c y a n i d e  l e v e l  i s  unknown. P r e s e r v a t i o n  o f  
sampl es f o r  e x p e r i  ments w i th  i n d i  genous b i o t a  i s  i n a p p r o p r i  a t e  
as t h e  waste l i q u o r  would be a l t e r e d  by t h e  a d d i t i o n  o f  NaOH. 
I t  can be conc luded  t h a t  r e d  mud and p o t l i n i n g  l e a c h a t e  a r e  
s t a b l e  waste l i q u o r s  w i t h  r e s p e c t  t o  pH whereas B and C s t reams 
and sc rubber  s l u r r y  have t o  be m o n i t o r e d  c o n s t a n t l y .  
Tab le  7 shows t h e  range o f  t o t a l  and f r e e  c y a n i d e  f o u n d  i n  
t h e  s o i l  e x t r a c t  d e c o c t i o n s  p repared  f r o m  sediments c o n s i s t i n g  
m a i n l y  o f  p r e c i p i t a t e s  f r o m  t h e  C s t ream. Perhaps t h e  most 
i m p o r t a n t  p o i n t  i s  t h a t  t h e s e  a r e  presumably c y a n i d e ( s )  wh ich  
were r e l e a s e d  upon s teaming t h e  sediments d u r i n g  t h e  p r e p a r a t i o n  
o f  t h e  aqueous s o i l  e x t r a c t s .  The e x t r a c t  p repa red  f rom sample 
AB-1 ( see  Appendix B) was used i n  t h e  P h o r m i d i u m- O s c i l l a t o r i a  
g rowth  exper iment  ( see  F i g .  5 ) .  
P r a c t i c a l l y  speak ing ,  based on t h e o r e t i c a l  c o n s i d e r a t i o n s  o f  
cyanfde ,  f r e e  c y a n i d e  s h o u l d  be n o n- d e t e c t a b l e  i n  t h e s e  samples. 
T h i s  was t h e  case i n  9 l i q u o r s  used t o  grow 
Phormi d i  um-Osci 11 a t o r i a  mats i n t h e  1 a b o r a t o r y .  F ree  c y a n i d e  
was c o n s i s t e n t f v  a t  (0.02 m c r / l .  T o t a l  c v a n i d e  c o n c e n t r a t i o n s  
ranged between b.5 t o  <0.02"mg/ l .  
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Figure  6 .  pH changes i n  waste l i q u o r s  
dur ing  s t o r a g e  i n  s toppered  b o t t l e s  and 
i n  darkness.  
Source of samples: p o t  l i n i n g  leachate 
(a-0); B - s t r e a m  ( 0 - 0 )  ; r e d  mud 
pond (r- .I ) ; scrubber s l u r r y  (0- 0 ) ; 
C - s t r e a m  ( 4-4 1 .  
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T A B L E  7 
C Y A N I D E  IN SEDIMENT EXTRACTS 
Cyanide (ppm) 
Locati on  PH Tota l  Free 
A B - I ~  
A B - 2 2  
A B- 3  
AB-4 
AB- 5 
AB-6 
A B- 7  
A C - 1  
8 . 0  2.87 
6 . 8  2 .07  
8 . 1  3 .93  
7 .4  0 .025 
7 . 8  1 3 . 7  
7 . 0  3 . 6  
7 . 3  0 .91  
8 . 3  0 .91  
0 .17  
0 . 0 3  
0 .28  
(0 .02  
0.64 
0 .56  
0 .02  
0.24 
1 - s o i l  ext ract  p repared  from sediment c o l l e c t e d  i n  J u l y  1984 
2 - A B- 2  through A C- 1  = E n c h a n t i l l o n  Xl-7 c o l l e c t e d  i n  October  
1984. 
T h e  a n a l y s i s  o f  the sediment e x t r a c t s  ( T a b l e  7 )  c o n t a i n e d ,  
however, some free  cyanide .  To make m a t t e r s  more complex, a l l  
samples were c o l l e c t e d  a r o u n d  t w o  smal l  p o n d s  o n  the headwaters  
o f  the  B stream. T h e  v a r i a t i o n s  i n  t o t a l  and  f r e e  cyan ide  
common t o  i n d u s t r i a l  waste streams t o  encounter v a r i a t i o n ,  
however, i t  emphasizes t h a t  t h e  development o f  a s u c c e s s f u l  
t r e a t m e n t  system for  cyan ide  can only  be  ca r r i ed  o u t  
mean ingfu l ly  i n  conjunct ion w i t h  the s t u d y  o f  was te- cyan ide  
chemi s t ry .  
concentrations are l a r g e  i n  these sediment extracts .  I t  i s  
I t  is e s s e n t i a l  t h a t  cyan ide  d e t e r m i n a t i o n s  b e  made by t h e  
researchers s t u d y i n g  the q u e s t i o n ( s )  a t  h a n d  i f  meaningful 
q u a n t i t a t i v e  v a l u e  i s  t o  be  p laced  o n  the c y a n i d e  d a t a .  I t  
f o l l o w s  t h a t  a non- ana lys i s  agreement i s  u n s a t i s f a c t o r y  fo r  
e f f ec t ive  r e s e a r c h  work. 
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5 . 0  CONCLUSION 
From t h i s  f e a s i b i l i t y  i n v e s t i g a t i o n  t h e  most i m p o r t a n t  
c o n c l u s i o n  i s ,  t h a t  i nd igenous  ma t- fo rm ing  a l g a l - b a c t e r i a l  
assemblages a r e  abundant i n  waste s t reams a t  A r v i d a .  T h e i r  
c y a n i d e  t o l e r a n c e  i s  e v i d e n t  and t h e  d e g r a d a t i o n  a b i l i t y  o f  
t h e s e  b i o t a  o f  c y a n i d e  i n  t h e  absence o f  any n i t r o g e n  sou rce  i n  
t h e  waste l i q u o r s  can be i n f e r r e d .  
The exper imen ts  c a r r i e d  o u t  d u r i n g  t h e  f e a s i  b i  1 i t y  s t u d y  
were g e n e r a l l y  weak, p a r t l y  because o f  t i m e  r e s t r a i n t s  i n  
a d d i t i o n  t o  t h e  concept  chosen, namely a f i r s t  s h o t  " b l a c k  box"  
approach. Hence t h e  r e s u l t s  were prone t o  " h i n d s i g h t l l  
u n d e r s t a n d i n g  wh ich  i s  i n h e r a n t  i n  such an approach. T h i s  
c e r t a i n l y  a p p l i e s  t o  t h e  b e h a v i o u r  o f  t h e  b i o t a  and t h e  waste 
l i q u o r s .  
I t  i s  t h e r e f o r e  conc luded t h a t  b i o a d s o r p t i o n  and 
b i o d e g r a d a t i o n  o f  cyan ide ,  p a r t i c u l a r l y  f o r  waste wa te r  
t r e a t m e n t  have t o  be s t u d i e d  i n  c o n j u c t i o n  w i t h  c y a n i d e  
c h e m i s t r y  o f  t h e  l i q u o r s  t o  be t r e a t e d  t o  produce c o s t  e f f e c t i v e  
and r e 1  i a b l e  r e s u l t s .  
I n  summary t h e  f e a s i b i l i t y  i n v e s t i g a t i o n  s t r o n g l y  suggests ,  
t h a t  b o t h  t h e  "Chara p r o c e s s "  and t h e  i n d i g e n o u s  
P h o r m i d i u w - O c i l l  i a t o r i a  mats e x h i b i t e d  c h a r a c t e r i s t i c s  wh ich  
c o u l d  p o t e n t i a l l y  s e r v e  as an e f f e c t i v e  p a s s i v e  p o l i s h i n g  
system. However b e f o r e  any f i r m  p o t e n t i a l  can be assessed, a 
c a r e f u l l y  p lanned,  s tepw ise  programm has t o  be c a r r i e d  o u t  t o  
a r r i v e  a t  d e f i n i t i v e  answers on t h e  c y a n i d e  d e g r a d a t i o n  
a b i l i t y  o f  t h e  i nd igenous  b i o t a  and t h e  a d s o r p t i o n  c a p a c i t y  o f  
m e t a l l o - c y a n i d e s  on dead and g row ing  Chara spp. 
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Figure 6: pH changes in waste liquors 
during storage in stoppered bottles and in 
darkness. 
Source of samples: potlining leachate 
( 1; B-stream ( ); red mud 
pond ( 1; scrubber slurry ( 1; 
C-stream ( 1. 
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7.0 Appendices 
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Scheme B 
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I a s p a r a g i n e  c a n  be used  as a N 
I s o u r c e  for b l u e g r e e n  algae (Vaishampayan, 
! 
1982) 
